Development of visible light driven photocatalysts for water-splitting
and environmental purification

Ryu Abe
Catalysis Research Center, Hokkaido University, Sapporo, 001-0021, Japan

ryu-abe@cat.hokudai.ac.jp

Photocatalytic or Photoelectrochemical Water Splitting under Visible Light

Photocatalytic water splitting into H, and O, using a semiconductor photocatalyst has received much
attention recently due to the potential of this method for the clean production of H, from water utilizing solar
energy. Although a number of metal oxides have been reported to be active photocatalysts for the
water-splitting reaction, most only function under ultraviolet (UV) light (A < 400 nm) owing to the large
band gap energy of the materials (> 3 eV). Because almost half of all incident solar energy at the Earth’s
surface falls in the visible region (400 < A < 800 nm), the efficient utilization of visible light remains
indispensable for realizing practical H, production based on photocatalytic water splitting. We have
recently developed a new type of photocatalytic water splitting system (Fig. 1), mimicking the mechanism of
photosynthesis in green plants [1-5]. This system reduces the energy required to drive each photocatalysis
process, allowing visible light to be utilized more efficiently than in conventional water splitting system.
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We have also demonstrated that the porous oxynitride TaON film electrode prepared on conducting glass
(FTO) showed significantly high quantum efficiency (IPCE = ca. 76% at 400 nm at 0.6 V vs. Ag/AgCl) in an
aqueous Na,SO, solution, after loading of IrO, nanoparticles as a cocatalyst for water oxidation [6]. Overall
water splitting into H, and O, under visible light was demonstrated using an IrO,-loaded TaON photoanode

combined with a Pt electrode under an externally applied bias (0.6 ~ 1 V).



Highly Efficient Decomposition of Organic Compounds over Platinum-loaded Tungsten
Photocatalyst under Visible Light Irradiation

The development of visible-light responsive photocatalysts for environmental purification has also been an
active research field in recent years, with most research focused on achieving the efficient decomposition of
environmental organic contaminants under sunlight or indoor light. Tungsten oxide (WQj3) has so far been
regarded as inactive photocatalyst for the oxidative decomposition of organic compounds in air, due to the
much lower level of CB (ca. +0.5 V) compared to the O, reduction. Recently, we have reported that
crystalline WO; loaded with nanoparticulate platinum (Pt) exhibits significantly high photocatalytic activity
for the decomposition of various organic compounds under visible light [7, 8]. Figure 2 shows the change
in the amount of acetaldehyde (AcH) and CO, in the gas phase during reaction over Pt(0.1 wt%)-loaded
WQOj3, a commercial titanium oxide (TiO,, P25), and a nitrogen-doped TiO, (N-TiO,) under visible light
irradiation (A >400 nm). With the onset of visible light irradiation, the amount of AcH in gas phase over
Pt-WO; decreased rapidly accompanied by an increase in CO, generation. Stable CO, generation was
observed over the conventional visible light-responsive photocatalyst N-TiO,, although at a rate much lower
than that over Pt-WQ;. It is known that the potential of mutielectron reduction of O, is more positive (e.g.,
0O, + 2H" + 2e” = H,0,, +0.682 V) than for the single-electron processes (O, + € = O, (aq), -0.284 V; O,
+ H" + ¢ = HO,, -0.046 V). It seems reasonable to consider that such mutlielectron reductions more
readily proceed on the surface of Pt that works as electron pool and catalyze O, reduction. We actually
confirmed the production of H,O, over Pt-WO; during the decomposition of aqueous acetic acid. The high
activity of Pt-WO; is therefore likely to be due to the promotion of mutilielectron reduction of O, on the Pt
rather than single-electron reduction, which is generally considered as the main pathway for electron
consumption over TiO, and N-TiO, photocatalysts, as shown in Fig. 3.
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Figure 3. Speculated reaction mechanism on
WO; and Pt-WOj3; photocatalysts

Figure 2. Time course of acetaldehyde decomposition

over three photocatalysts under visible light irradiation
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